Live Mycoplasma pulmonis organisms were used to examine the immune response in the bronchus-associated lymphoid tissue after primary and secondary challenge with M. pulmonis, to study the dissemination of the primed state to distal tissues (i.e., spleen, peripheral blood, and Peyer's patches), and to determine whether the chronic antigenic stimulation accompanying infection influences the isotype potential and commitment of the primed B cells recovered from the various tissues. We have shown that exposure to M. pulmonis by a variety of routes results in a generalized rise in frequency of T-dependent, antigen-sensitive B cells in all lymphoid tissues. The route of secondary exposure to M. pulmonis was found to markedly increase the frequency of M. pulmonis-specific B cells in the bronchus-associated lymphoid tissue relative to that in the Peyer's patches after intraduodenal but not intratracheal challenge. A substantial rise in the number of M. pulmonis-sensitive B cells in the peripheral blood suggests that the dissemination of the primed state, at least in part, is due to B-cell migration via lymph and blood from local sites exposed to M. pulmonis. The majority of T-dependent clones generated by M. pulmonis-specific B cells secrete exclusively immunoglobulin Gl (IgGl). We have demonstrated that the exaggerated IgGl response was not due to the accompanying viable donor T cells in the inoculum. The predominance of IgGl was also demonstrated in clones from the bronchus-associated lymphoid tissue of athymic BALB/c mice that were primed with M. pulmonis. Thus, we can infer that functional T cells are not required for the development of specific B cells with the potential for IgGl expression at the time of in vivo priming. When anti-trinitrophenyl-and anti-M. pulmonis-specific clones were generated in the same splenic fragment cultures stimulated by trinitrophenylated M. pulmonis, only the M. pulmonis-specific clones showed exaggerated IgGl expression. Therefore, we conclude that the exaggerated IgGl response accompanying M. pulmonis infection of euthymic mice seems to be dependent, at least in part, on an intrinsic property of the B cells that develop during this antigenic stimulation.
The mucosal surface of the mammalian respiratory tract is the first barrier encountered by inhaled pathogens. Pulmonary lymphoid nodules, which are called bronchus-associated lymphoid tissue (BALT) (1, 3) have been considered to be the pulmonary analog of the intestinal Peyer's patches (PPs) and may be involved in the immune response (28) . In rabbits and mice, PPs are a rich source of immunoglobulin A (IgA) plasma cell precursors (9, 13) . The existing high levels of IgA precursors in the PPs to epitopes like phosphocholine and (12-1) fructosyl groups (inulin) are attributed to chronic exposure to these antigenic determinants (6) . Rudzik et al. (28) used lymphocytes from BALT mucosal follicles in the adoptive transfer system to study the BALT of rabbits. They and their colleagues (24) have found that the predominant isotype expressed by plasma cells arising in the gut from bronchial lymphocytes is IgA. Pierce and Cray (26) observed that acute intratracheal (i.t.) administration of cholera toxin to rats led to some local priming of IgA plasma cell precursors. This route was not nearly as effective as gut mucosal exposure in generating and disseminating precursors for IgA plasma cells.
The following areas of uncertainty exist regarding the role of BALT during chronic stimulation: (i) whether it can display an anamnestic response, (ii) whether B-cell priming there leads to antigen-specific cells with particular isotype potentials, and (iii) the nature of the relationship of the respiratory response to the overall mucosal immune re-* Corresponding author.
sponse. To address these questions we have used Mycoplasma pulmonis, a murine respiratory pathogen, to establish chronic respiratory infections in BALB/c mice. This type of antigenic stimulation, in combination with an in vitro splenic fragment assay for T-dependent B cells, allowed us (i) to examine the frequency and isotype potential of primed B cells in the BALT after primary and secondary infections with M. pulmonis cells; (ii) to monitor the dissemination of the primed state to distal tissues (i.e., spleen, peripheral blood [PB] , and PPs); and (iii) to investigate the possible role of antigen (Ag) (4. 5 g/liter of glucose; GIBCO) containing 0.001 mg of M. pulmonis Ag per ml, 0.001 mg of TNP-M. pulmonis Ag per ml, and 15% agamma horse serum. On day 4 (spleens diced on day 0), the fragments were washed to remove excess Ag, and culture fluids were subsequently collected on days 7, 10, and 13 after stimulation and assayed by radioimmunoassay for the presence of antibody. Antibody-secreting clones detected by this assay were dependent on previous priming of the recipient. No clones were ever detected in fragments of unprimed, irradiated recipients inoculated with M. pulmonis-primed cells.
Radioimmunoassay. The radioimmunoassay procedure was similar to that reported by Taylor (31) . Polyvinyl vbottom microtiter plates (Costar, Cambridge, Mass.) served as the solid phase for the assay. The wells were coated with 100 ,uJ of solution (0.1 mg of protein per ml of suspension of M. pulmonis Ag) or with a 1-mg/ml solution of TNP-bovine serum albumin. Plates were incubated overnight at 37°C in a wet chamber. Ag was removed, and plates were washed 6 times with PBS containing 0.5% (vol/vol) Tween 20 (polyoxyethlene sorbitan monolaurate; Sigma Chemical Co., St. Louis, Mo.). 125I-labeled rabbit anti-mouse Fab or rabbit anti-mouse isotypes (13, 14) were used to detect antibody bound to the Ags. The sensitivities of detection of all isotypes were comparable (0.25 to 0.5 ng) and have been presented previously (14) . anti-M. pulmonis and anti-TNP-specific B cells by using TNP-M. pulmonis cells as the in vitro stimulating Ag and yielded expected frequencies of anti-TNP-secreting clones ( Table 2) .
Isotype analysis of anti-M. pulmonis clones from different tissues is shown in Table 3 . Euthymic BALB/c mice were sacrificed at 2, 4, or 8 weeks after a secondary i.t. or i.d. challenge with M. pulmonis cells. IgGl was the predominant isotype of anti-M. pulmonis antibody secreted by B-cell clones from all tissues tested over an 8-week observation period ( Table 3 ). The exception to this was the appearance at 8 weeks of clones from the BALT that were secreting IgA in addition to IgGl (22% IgGl + IgA, 8% IgA only). To control for cell viability in the donor inoculum and for proper lodging of donor cells we used TNP coupled to M. pulmonis for in vitro stimulation in splenic fragment assays. Frequency and isotype profiles of TNP-reactive cells are presented in Table  4 . The frequency of anti-TNP precursors in spleen and PPs, where they occur in sufficient numbers for analysis, is within a range previously established by using hemocyanin as a carrier (20) . IgM, not IgGl, is the predominant isotype in the anti-TNP response. Frequencies of anti-TNP cells were too low in PB and BALT to allow analysis by using the cell inoculum sizes practical for this assay. Thus, both i.t. and Aside from these subtle differences, suggesting that athymic mice are not as intensively stimulated by M. pulmonis Ags during their milder infection, exaggerated IgGl secretion was observed in clonal cultures from B cells derived from both athymic ( Table 6 ) and euthymic (Table 3) BALB/c mice, although only IgM antibodies were detected in the sera of the athymic donors. We can infer from these results that functional T cells are probably not required at the time of in vivo priming with M. pulmonis cells for the generation of precursor B cells with the potential to display an exaggerated IgGl response in M. pulmonis-primed euthymic splenic fragments. The observed IgM anti-M. pulmonis antibody in the sera of athymic mice was reflected in the isotype profile of M. pulmonis precursors from these donors. DISCUSSION The goals of this study were (i) to examine the immune response in the BALT after primary and secondary challenge, with M. pulmonis organisms; (ii) to study the dissemination of the primed state to distal tissues (i.e., spleen, PB, and PPs); and (iii) to determine whether the chronic antigenic stimulation accompanying infection influences the isotype potential and commitment of the primed B cells recovered from the various tissues.
We have shown that exposure to M. pulmonis organisms by a variety of routes results in generalized priming of T-dependent, Ag-sensitive B cells in all lymphoid tissues as reflected by a marked increase in their frequency. Although we were able to examine B cells from the murine BALT at the clonal level, the assay system is not without limitations. Murine respiratory mucosal follicles are too small for separation by microdissection. Therefore, our preparation of BALT may also contain cells from parabronchial lymph nodes. The low content of B cells (7 to 10%) makes it difficult to use BALT in adoptive transfer experiments unless the frequency of specific B cells is rather high. For instance, the frequency of anti-TNP precursors in our BALT preparation is usually too low to detect in the splenic fragment assay, although we were able to observe an increase in the frequency of M. pulmonis-specific B cells. This display of priming is particularly prominent at the site of chronic exposure to Ag and BALT and rises there continuously. Frequencies of M. pulmonis-specific B cells in the BALT and PPs were affected by the route of secondary challenge (i.e., i.t. versus i.d.). Although specific B cells are undetectable in PPs by 2 weeks, they increase in frequency in the BALT after exposure by either route. The apparent disappearance of M. pulmonis B cells from PPs is probably due to their migration from the patches and their subsequent sequestering in respiratory tissue (i.e., the primary site of infection). Pierce and Cray (26) reported that initial i.t. immunization of rats with cholera toxin primes them for a local secondary response in respiratory tissues but appears to cause little or no detectable priming for a secondary (10) . Hence, M. pulmonis-sensitive B cells from PPs may be expected to contribute to the recirculating pool of "memory" cells, to the increase in frequency of Agspecific B cells in the BALT, and to the plentiful specific plasma cells known to appear in the respiratory lamina propria after infection (5, 32).
The majority of T-dependent clones generated by M. pulmonis-specific B cells secrete exclusively IgGl, an isotype that is not ordinarily predominant after mucosal stimulation. We have demonstrated that the exaggerated IgGl response was not due to the accompaning viable donor T cells in the inoculum, nor could it be exclusively due to T cells from "carrier"-primed recipients, since the isotype profile of clones from anti-TNP-specific B cells generated in the same splenic fragments by TNP-M. pulmonis was similar to that previously observed with hemocyanin as a carrier rather than resembling the isotype profile of the anti-M. pulmonis clones (20, 29) . Therefore, the exaggerated IgGl response seems to be dependent on an intrinsic property of the B cells. The predominance of IgGl has also been demonstrated in the BALT of athymic BALB/c mice that were primed with M. pulmonis. Thus, functional T cells are apparently not required at the time of in vivo priming to generate the precursors for the exaggerated IgGl response. A caveat is that M. pulmonis may contribute to differentiation of effector T cells in athymic mice (16) , a possibility that we are presently examining. Isotype analysis of M. pulmonis-specific B cells from PPs and spleens of primed athymic mice indicates that our splenic fragment cultures allow expression of all isotypes and thus supports our suggestion that exaggerated IgGl expression by B cells from euthymic mice is due at least in part to their intrinsic properties and is not imposed by the assay. Related observations by Speck and Pierce (30) indicate that both a T-independent antigen (2,4-dinitrophenol-Ficoll) and a Tdependent analog (dinitrophenol-hemocyanin) prime athymic mice to give increased frequencies of specific B cells that generate clones in a T-dependent splenic fragment assay. The majority of those clones (70 to 90%) from primed B cells express some IgGl, but always along with IgM. We found that M. pulmonis cells prime both euthymic and athymic mice to generate B cells capable of an even more exaggerated IgGl response. All these observations argue against the necessity for functional T cells to generate B cells with IgGl potential, while still being consistent with a role for T cells in promoting the secretion of non-IgM serum antibodies in euthymic mice.
In vitro studies do show that expression of IgGl secretion can be influenced by T-helper-type cell lines (23) or by the factors that they produce (15) . Martinez-Alonso et al. (23) showed that addition of hapten- (2) were surprised to find a 20-fold increase of IgG-containing cells in the lungs of mice after Sendai virus infection. Much has also been published to date on the predominance of IgGl after chronic parasitic infections (25) . In experimental Nematosperoides dubjus and Messocestoides corti infections of euthymic mice, exaggerated IgGl production is T-cell dependent and is not observed in heavily infected athymic mice (7, 27) .
Our data and observations made by others (8) 
